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CONTROL METHOD FOR AN AUTOMATIC 
TRANSMISSION 

BACKGROUND OF THE INVENTION 

[0001] In the automatic transmission for motor vehicles 
known from the prior art, shifting elements and clutches or 
brakes for adjusting a certain reduction ratio of the auto 
matic transmission are controlled by a hydraulic system With 
preset time-pressure pro?les. The different components of 
the transmission required for this are coordinated via an 
electronic unit connected With the hydraulic system Which, 
in accordance With the currently existing operating situation 
of the motor vehicle and eventual directives of the driver’s 
Wish, adequately controls a gear shift to obtain a desired 
shifting quality. 
[0002] In a customary gear shift, especially With an engag 
ing shifting element or an engaging clutch, a time-pressure 
pro?le can be divided in a ?lling phase and a shifting phase, 
it being, in turn, possible to subdivide the ?lling phase in a 
rapid ?lling phase and a ?lling equalization phase. The 
shifting phase, Which folloWs the ?lling phase of the shifting 
element, constitutes the range of a time-pressure pro?le of 
an engaging shifting element in Which the shifting element 
is loaded, via a pressure ramp, With a differential pressure 
until reaching a pressure outside a gear shift Which leads to 
transmission of a required or desired torque of the shifting 
element. 

[0003] In order to satisfy the constantly increasing require 
ments on the functionality of the automatic transmission, the 
same as the efforts to increase the comfort in shifting, it has 
for that purpose been changed over to increasing the number 
of gears to be shifted and to provide a more compact design 
of the transmissions. Especially the high number of gear 
steps of the transmissions results in a shifting element or a 
clutch is often used to shift different gears. 

[0004] To improve the variability and spontaneity of the 
automatic transmissions, it has, in addition, been generally 
provided that a driver can manually engage in the shifting 
behavior and thus in preset shifting sequences of an auto 
matic transmission. Besides, in the electric control unit 
shifting strategies are usually deposited Which alloW the 
discontinuation or cancellation of gear shifts in certain 
operating and driving situations. 

[0005] The steps result, hoWever, in that an engagement 
and disengagement of the clutches at the right moment, that 
is, Without impairing the driving comfort or the shifting 
quality, become increasingly dif?cult. It is, in particular, 
problematic, for eXample, When a clutch With too loW ?lling 
is shifting in a poWer How of a driving train of the motor 
vehicle. At such an operating point, the clutch is still not 
capable of transmitting the required or desired torque. After 
its engagement, if the clutch attains its full transmission 
capacity, this can be detected by a so-called shifting jerk 
Which must be prevented, on one hand, because of a desired 
shifting quality and on the other, because of a considerable 
overload of the clutch. On the contrary, if a clutch reaches 
its full capacity before the actually provided moment of its 
engagement, this leads to an interruption of the acceleration 
Which, likeWise, represents an impairment of the driving 
comfort. 

[0006] To prevent these disadvantages, there have been 
provided in the practice prohibition times betWeen tWo 
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consecutive gear shifts before the termination of Which 
times no gear shift is carried out. Thereby is to be ensured 
that the shifting elements or clutches reach a Well-de?ned 
state, namely, ?lled or drained at Which the gear shift can be 
built up free of problems and Without receiving the 
described phenomena that reduce the shifting quality. 
Besides, to circumvent the above mentioned problems, a 
discontinuation or a cancellation of gear shifts, that is, the 
removal of the control pressure on the shifting element in the 
shifting preparatory or shifting phase, often is not alloWed or 
is alloWed only very limitedly so that the shifting operations 
already introduced have to be carried out ?rst before the start 
of another gear shift. 

[0007] It is disadvantageous here that a desired spontane 
ity of the automatic transmission or of the motor vehicle 
often cannot be obtained in the driving operation and, in 
particular, in the case of a driver’s desired directions such as 
“kickdoWn” folloWing a discontinued overtaking operation 
related to an introduced doWnshift operation, the desired or 
required output torque is not immediately available. 

[0008] The problem on Which this invention is based is to 
make available a method for operating an automatic trans 
mission With Which a high spontaneity can be achieved 
Without damages to a desired shifting quality. 

SUMMARY OF THE INVENTION 

[0009] With the inventive method, via an algorithm stored 
in the electronic control unit, it is noW possible to determine 
an actual operation point of the shifting element concerned 
as function of a time-pressure pro?le according to Which a 
shifting element has last been controlled and of an associ 
ated pro?le representative of the operative point of the 
shifting element With regard to a ?lling ratio and/or a 
position of a piston of the shifting element. 

[0010] Thereby is created a kind of ?lling level indicator 
or ?lling pattern Which offers the advantage that at every 
moment in the operation of the automatic transmission the 
actual state of each shifting element is knoWn. In particular, 
it is possible in each shifting element to automatically 
determine during engagement the right ?lling time and 
during disengagement the right draining time, Wherefrom 
the possibility results of a precise control adapted to the 
actual operating point during a shifting operation that fol 
loWs. 

[0011] The inventive method especially offers the advan 
tage, in case of a gear shift folloWing a discontinued gear 
shift in Which the same shifting element took part, that the 
neW shifting operation is built up on the actual operating 
point or operating state of the shifting element and the 
required control for effecting the second gear shift is carried 
out spontaneously and Without loss of shifting quality With 
a control pressure suitable to the situation. 

[0012] The transmission can be very precisely coordinated 
When a transmission applicator presupposes important 
physical marginal conditions of the shifting element and 
control thereof. Thereby is advantageously ensured that the 
shifting element, for eXample, at the moment of a desired 
load take-up of a shifting element, be entirely ?lled and 
transmits the required torque. It is conversely ensured that 
no torque be transmitted any longer at the moment of load 
delivery When no positive engagement eXists. 
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[0013] Advantageous embodiments and developments of 
the inventive method Will noW be described, by Way of 
example, With reference to the accompanying draWings in 
Which: 

[0014] FIG. 1 is an extensively schematiZed curve of a 
control pressure of an engaging shifting element and a curve 
corresponding thereto of a transmitted torque of the shifting 
element, the same as of a ?lling ratio or of an operating point 
of the shifting element; and 

[0015] FIG. 2 is a representation of different possible 
operating states of a shifting element the arrangement of 
Which reproduces the sequence from the beginning of an 
engagement up to the disengagement of the shifting element. 

DETAILED DESCRIPTION OF THE 

EMBODIMENT(S) 
[0016] FIG. 1 shoWs, by Way of example, a curve 1_F of 
a ?lling ratio, a curve 1_p of a control pressure p_k in the 
course of time t and a curve 1_M of a transmissible torque 
M of a shifting element formed here as multi-disc clutch of 
a type knoWn per se during a ?lling phase, a shifting phase 
and a consecutive draining phase of the clutch. 

[0017] The ?rst curve 1_F, Which shoWs the ?lling ratio or 
a piston position of the clutch corresponding thereto is here 
function of the time-pressure pro?le 1_p shoWn beloW of the 
control pressure p_K of the clutch being examined. Like 
Wise, as function of the curve 1_p of the control pressure 
p_K of the clutch stands the curve of the transmissible clutch 
torque M in the course of time t. All curves represent 
common, typical operating states taken from the reality of a 
clutch of an automatic transmission in operation, the curves 
of the ?lling ratio or of the position of the clutch and of the 
transmissible torque M of the clutch being determined at 
least, in part empirically, and stored in an electronic control 
unit according to the time-pressure pro?le of the control 
pressure p_K. 

[0018] The curve 1_F of the ?lling ratio or of a position of 
a piston of the clutch shoWn in FIG. 1 is purely by Way of 
example, since the piston of the clutch, according to the 
control pressure p_K, evidently can also move quicker or 
sloWer toWard a disc set of the clutch Whereby results one 
other determined curve 1_F of the regulating distance of the 
piston in the course of time t. 

[0019] For preparing the data required for the algorithm of 
the inventive ?lling pattern, there are preferably established 
for an “average transmission” representative of a series, 
typical ?lling times and the path the piston covers in the 
course of time. In the “average transmission”, the tolerances 
knoWn from the manufacture are averaged and the geometric 
parameters resulting therefrom of the separately examined 
shifting elements and the material values of the separate 
parts such as a spring constant of the cup spring are made, 
as reference parameters, the basis of the ?lling pattern. The 
divergences from the actual conditions of the clutch or of the 
transmission Which are outside a preset tolerance range can 
obviously be compensated by adaptations. 

[0020] According to the most different stored time-pres 
sure pro?les 1_p of the control pressure p_K, it is then 
possible to determined the actual operating state of the 
clutch and make it the basis for a future control of the clutch 
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With a time-pressure pro?le of the control pressure preset 
according to situation by the algorithm of the electronic 
control unit. 

[0021] Described beloW are the different operation phases 
or separate operating states of one clutch in relation to the 
time-pressure pro?le 1_p of the control pressure p_K shoWn 
in FIG. 1. 

[0022] The points A to L speci?ed in FIG. 1 represent 
salient points during the ?lling or shifting preparatory pro 
cess of the shifting operation and of the draining operation 
of the clutch. 

[0023] The point A reproduces the starting position of a 
drained clutch of an automatic transmission having a ?lling 
ratio equal to 0%. Starting from point A, the clutch is loaded 
With a rapid ?lling pressure p_k_sf, still no torque being 
transmitted by the clutch at the beginning of this phase. 
Although in this so-called rapid ?lling phase the clutch 
already has been controlled or loaded With pressure by a 
hydraulic system of the automatic transmission connected 
With the electronic control unit by signal technology, via the 
algorithm or the ?lling pattern of the electronic control unit 
by signal technology, via the algorithm or the ?lling pattern 
of the electronic transmission control, a value of 0% is 
assumed for the ?lling ratio of the clutch or the piston stroke 
covered in correlation With the total height of lift thereof up 
to point B. With this procedure is taken into account that the 
system has a certain dead time or reaction time. 

[0024] In a ?lling phase folloWing point B, the ?lling ratio 
of the clutch is assumed to be steadily rising from the ?lling 
pattern, the ascent meaning at the same time a movement of 
the piston in direction of the disc set of the clutch against, 
for example, a cup spring tension and a friction force. The 
friction force can result, for example, from the friction fo an 
O-ring Which can be situated betWeen the piston and a Wall 
of a piston chamber that surrounds it. 

[0025] During the ?lling phase of the clutch, the control 
pressure p_K or the pressure value thereof has to be set so 
as to counteract the cup spring tension Which the piston is 
going to adjust in its idle or venting position and to adjust the 
piston in direction of the disc set. In addition, the control 
pressure has to overcome the friction force of the O-ring 
friction. 

[0026] The cup spring tension and the friction force of the 
O-ring here depend on different in?uence parameters such as 
a temperature of the transmission, the momentary position 
of the piston, an O-ring extrusion and a texture of the piston 
surface and of the piston chamber and the quality of the 
pressure medium. As pressure medium is provided here, an 
incompressible ?uid, such as oil, is taking part in determin 
ing the existing operating state of the clutch, temperature of 
the oil and viscosity dependent thereon. 

[0027] Knowing the actual conditions or the actual oper 
ating states, it is possible at any moment to determine, via 
the inventive algorithm, Which constitutes a ?lling level 
indicator, the piston position in percent of the total path of 
the piston. Alternatively, a direct position indication of the 
piston over the Whole length of path is also possible by the 
?lling pattern shoWn. 

[0028] According to the representation in FIG. 1, at a 
point C, indicative of the end of the rapid ?lling phase, the 
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control pressure p_K is taken doWn from the rapid ?lling 
pressure p_k_sf to the value of a charge pressure p_full, the 
movement of the piston in direction of the disc set of the 
clutch being further assumed before its stops completely. 
The moment of stoppage of the piston is designated more 
precisely in FIG. 1 by point D. At this operating point, the 
piston has reached a desired 100% threshold and abuts on 
the clutch set, the piston still transmitting no torque Worth 
mentioning. The phase folloWing point C and extending up 
to point E, Which marks the beginning of the shifting phase, 
is designated as the ?lling equalization phase Where the 
piston is assumed as idle and the ?lling as constant. 

[0029] In the shifting phase folloWing the ?lling equaliZa 
tion phase, the control pressure p_K is raised until point F 
to a safety pressure value outside a gear shift. Only during 
this phase does the value of torque M, Which is transmitted 
by the clutch, begin linearly to rise up to point F to a 
maximum value. 

[0030] As is to be understood from the curve 1_F of the 
?lling ratio or of the position of the piston of the clutch, via 
the algorithm of the ?lling level, a theoretical increase of the 
movement of the piston over the 100% mark is assumed in 
order to include in the ?lling pattern elasticities of the clutch. 
Thereby is taken into account a so-called “in?ation” of the 
clutch during the loading thereof With the safety pressure 
value. This phase corresponds in FIG. 1 to the curve 
betWeen points E to J, the full torque being transmitted by 
the clutch in the range betWeen points F and G. 

[0031] Point F represents the moment at Which the actual 
shifting operation is terminated, since the clutch has reached 
the necessary safety pressure value of the control pressure 
p_K. 

[0032] At point G, the drain phase of the clutch is already 
introduced With the consequence that the control pressure 
p_K again is reduced. Here is provided as dead time, via the 
algorithm or the ?lling pattern of the electronic control unit, 
a certain space of time until the piston of the clutch begins 
to move from its maximum position back to its idle position. 
The dead time is shoWn in the curve of the ?lling ratio or of 
the position of the piston by the range betWeen points G and 
H, Wherein the maximum torque M transmissible by the 
clutch, via the ?lling pattern, is already assumed to be 
decreasing again starting from point G. Upon reaching point 
I, the electronic control unit is directed that no torque M 
Worth mentioning is to be transmitted anymore by the clutch 
even if, as before, the piston abuts on the disc set of the 
clutch. 

[0033] The control pressure p_K is steadily reduced in the 
phase betWeen points G and I to a value substantially 
corresponding to the charge pressure p_full or someWhat 
beloW it and is held at this value for a brief space of time 
before being loWered to the original value of the control 
pressure p_K prior to the ?lling phase. Thereby a certain 
dead time in the resetting behavior of the piston is taken into 
account via the algorithm. 

[0034] Point K represents the operating state of the clutch 
in Which the pressure value of the control pressure p_K has 
reached beloW the charge pressure p_full at Zero and the 
piston of the clutch is moved by the cup spring from the 
clutch set in direction of its original or idle position. At point 
L, the piston of the clutch has reached With the 0% limit its 
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original position, the time space betWeen points K and L, 
depending on different control parameters such as the trans 
mission temperature, the oil viscosity, the cup spring tension 
and the friction force of the O-ring, the in?uences of Which 
likeWise are taken into account by the algorithm. During 
draining of the clutch, the friction force of the O-ring, for 
example, counteracts the cup spring tension Whereby the 
pressure value of the control pressure p_K to be applied 
diminishes by the value of the friction force. 

[0035] Based on the accurate knoWledge of the actual 
operating point of the clutch, in case of discontinuation of a 
gear shift or in case of a cancellation of a gear shift, it is 
possible With this ?lling pattern to introduce Without prob 
lem another consecutive gear shift With an adequate time 
pressure pro?le of the control pressure p_K. 

[0036] For example, after 130 ms of a rapid ?lling phase 
lasting 230 ms and a dead time of 30 ms the ?lling is 
discontinued, the algorithm determines that the piston has 
covered 50% of its maximum or of its total regulating 
distance. The ?lling ratio or the regulating distance is then 
assumed at 50% and departing from this point, it can be 
determined at What time the clutch has reached its complete 
?lling or at What time it Will be completely drained. 

[0037] The ?lling pattern that describes the piston position 
preferably contains also as control parameter the physical 
marginal conditions of the clutch and the control thereof. At 
the same time are also taken into consideration, together 
With the temperature in?uences and system elasticities 
already described, especially dead times of the Whole system 
such as the electronic control unit With its current end steps, 
the clutch and the hydraulic system that controls its current 
end steps, the clutch and the hydraulic system that controls 
it, the same as the hydraulic valves thereof. Also included 
here in determining the actual operating point of the clutch 
are hystereses of the Whole system due, in particular, to the 
differing value of the friction force of the O-ring during 
?lling and draining of the clutch. In addition, system or 
manufacturing tolerances can be compensated by suitable 
adaptations of the time-pressure pro?le of the control pres 
sure p_K. 

[0038] It is evident that the number of in?uence param 
eters shoWn for the ?lling pattern is neither complete nor 
limiting. In the inventive method, the possibility rather 
exists, in accordance With a preset excellence of the function 
for setting the position fo the piston of the clutch and of the 
?lling ratio of the clutch, of also taking into account other 
parameters or of differently Weighting the in?uence of the 
parameters. The possibility also exists of letting only a feW 
speci?c parameters enter in determining the operating state 
of the clutch. 

[0039] In a variation of the inventive method it can also be 
provided that the elasticities of the clutch above the 100% 
mark of the regulated distance of the piston is ?ltered out, 
via a ?lter algorithm, or is compensated so that the time 
pressure pro?le of the control pressure p_K according to 
FIG. 1 is reproduced offset in time. Such a procedure is 
shoWn With a dotted line in FIG. 1 in the curve of the control 
pressure p_K. It is thereby presented that the electronic 
control unit issues an information that the regulated distance 
of the piston at point I has already reached the 100% mark. 
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[0040] In FIG. 2 are shown different operating states of 
the clutch and are reproduced the states Which are simulated 

by the ?lling pattern or the ?lling indicator and also corre 
spond to the actual operating states of the clutch in the 
operation of the automatic transmission. 

[0041] With state S1 is ?rst reproduced an initialiZation 
during Which is preset, for example, a Zero value of the 
?lling ratio or of the regulating distance of the piston 
Whereby is adjusted the state of an empty clutch Whose 
piston is in idle position. This state of the clutch is repro 
duced by state S2 and corresponds to the range of the curves 
of FIG. 1 Which lie before point A from the point of vieW 
of time. 

[0042] In a transition from state S2 to a state S3, Which 
represents the range betWeen points A and B of the curves of 
FIG. 1, the algorithm reproduces a state of the clutch 
corresponding to the ?lling of the clutch While the piston is 
still stationary. A state S4 folloWing the state S3 represents 
the phase of the curves of FIG. 1 betWeen points B and C 
during Which the clutch is ?lled and the ?lling ratio of the 
clutch or regulated distance of the clutch increases. 

[0043] The operating state of the clutch shoWn by a state 
S5 corresponds to the range of the curves of FIG. 1 betWeen 
points D and J, the clutch being full in this range and the 
?lling ratio or the piston regulating distance having a value 
of at least 100%. A state S6 that folloWs is representative of 
the range of the curves of FIG. 1 betWeen points J and K in 
Which the clutch is drained and the piston of the clutch 
undergoes no change in its position. 

[0044] In a state S7 Which corresponds to the curves of 
FIG. I betWeen points K and L, the clutch is further drained 
and the piston of the clutch is moved in direction of its idle 
position. When this is attained, the clutch is again in state 2. 

[0045] With this cycle is described the progress of a ?lling 
process, of a consecutive draining of the clutch and of a 
poWer ?oW take-up lying therebetWeen in the automatic 
transmission, Which occur during an engagement and a 
disengagement of the clutch that folloW. 

[0046] The arroWs or paths betWeen states S3, S4, S5, S6 
and S7, speci?cally designated With the reference numerals 
1 to 4, represent all the intermediate transitions alloWed by 
the algorithm or the ?lling pattern for increasing the spon 
taneity and the shifting comfort betWeen the operating states 
of the clutch. 

[0047] Contrary to the knoWn method described at the 
beginning, it is possible here When a discontinuation crite 
rion appears in the range betWeen points A and B of the gear 
shift, after reaching point B, directly to change over from 
state S3 to the operating state S7 of the clutch Without 
damages to the shifting quality. The transition is shoWn in 
FIG. 2 With the arroW marked With the reference numeral 1. 

[0048] It is also possible upon a signal for carrying out a 
gear shift during the operating state S7 of the clutch, directly 
to change over to the ?lling phase of state S3 after reaching 
point L. This intermediate path is speci?cally marked in 
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FIG. 2 With the arroW beloW the reference numeral 4. This 
transition makes possible that the clutch does not have to be 
completely emptied before a resumption of a ?lling phase, 
Which Would result in a considerable delay or impairments 
of the spontaneity of the transmission. 

[0049] In the presence of a discontinuation criterion of the 
gear shift, there further eXists the possibility of changing 
over from the operating state S4 of the clutch during Which 
the clutch is ?lled and the piston moved to the disc set of the 
clutch, directly to state S7. The intermediate path is shoWn 
by the arroW speci?cally marked With the reference numeral 
2. The resulting advantage is here that the clutch does not 
have to traverse states S5 and S6 Whereby is achieved a 
signi?cant increase in the spontaneity of the automatic 
transmission. 

[0050] Of a shifting signal occurs during the operating 
state S6, it is possible, based on the detection of the actual 
operating point of the clutch via the algorithm, to rebound 
directly to state S5 of the clutch Without impairing the gear 
shift provided. This rebound is shoWn by an arroW 3 in FIG. 
2. 

[0051] From the described intermediate paths 1 to 4 of 
FIG. 2, it again becomes especially clear hoW spontaneously 
an automatic transmission can be operated With the inven 
tive method. 

1. Method for operating an automatic transmission of a 
motor vehicle With a hydraulic system, an electronic control 
unit connected With the hydraulic system and at least one 
shifting element controllable by the hydraulic system via 
preset time-pressure pro?les Wherein said shifting element is 
engaged and disengaged via said time-pressure pro?les, 
characteriZed in that according to a time-pressure pro?le 
basis of a previous control of the shifting element and to an 
associated pro?le representative of the operating point of the 
shifting element With regard to ?lling ratio and/or a position 
of one piston of the shifting element, via an algorithm stored 
in the electronic control unit, an actual operating point of the 
shifting element observed at the moment is determined upon 
Which operating point a control of the shifting element 
synthetically results. 

2. Method according to claim 1, characteriZed in that the 
physical marginal conditions of the shifting element and 
control thereof enter as in?uence parameters in the algo 
rithm of the electronic control unit for determining the actual 
operating point of the shifting element. 

3. Method according to claim 2, characteriZed in that dead 
times of the hydraulic system and/or of the electronic control 
unit constitute in?uence parameters for determining the 
actual operating point of the shifting element. 

4. Method according to any one of claims 2 or 3, char 
acteriZed in that temperature in?uences on the automatic 
transmission constitute in?uence parameters for determining 
the actual operating point of the shifting element. 

5. Method according to any one of claims 2 to 4, char 
acteriZed in that system elasticities of said shifting element 
constitute in?uence parameters for determining the actual 
operating point of the shifting element. 
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6. Method according to any one of claims 2 to 5, char 
acteriZed in that hystereses relative to a behavior of the 
shifting element during engagement and disengagement 
constitute in?uence parameters for determining the actual 
operating point of the shifting element. 

7. Method according to any one of claims 1 to 6, char 
acteriZed in that to determine the actual operating point of 
said shifting element, a ?lter algorithm is provided With 
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Which elasticities of the shifting element and/or dead times 
of the control of said shifting element are compensated in the 
operation. 

8. Method according to any one of claims 1 to 7, char 
acteriZed in that tolerances of the component parts of said 
shifting element are compensated by de?ned adaptations. 

* * * * * 


